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Introduction
During times of limited resources in health care and
increasing demands for expertise in nursing, further
knowledge on nursing work is needed. In particular,
efficient and valid methods are needed to measure
nursing work so as to optimize the use of the nursing
workforce and its expertise for safe patient care. Find-
ings from recent studies in hospitals show that structures
and processes in acute patient care are significant
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The development and piloting of electronic standardized measures on nursing
work: combining engineering and nursing knowledge
Aims This paper describes the development and piloting of electronic standardized
measures on nursing work (e-SMNW) for rich data gathering on the work and work
environment of registered nurses (RNs) and practical nurses (PNs).
Background Efficient and valid methods are needed to measure nursing work to
enhance the optimal use of the nursing workforce for safe patient care.
Methods The study combined human factors engineering (HFE) and nursing
knowledge to develop electronic standardized measures for observational studies on
nursing work in acute care.
Results The work and work environment of RNs and PNs in acute care medical and
surgical inpatient units was successfully measured using e-SMNW. With predeter-
mined items of work activities and influencing factors in the work of nurses, and full
use of computer technology, multi-layered rich standardized data were gathered,
analysed and displayed.
Conclusions The combination of nursing knowledge, HFE and computer technol-
ogy enables observational data collection for a rich picture of the complex work of
nursing.
Implications for nursing management Information collected by standardized and
multi-layered measures makes it easier to identify potential improvements, with
regard to influencing factors and management of the work and work environment of
nurses. Further use of computer technology in health services research is encouraged.
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contributors to improved performance. Among these are
factors related to the physical environment, tasks and
personnel management; communication, teamwork,
situational awareness, atmosphere and behaviour; and
elements of the professional nursing practice environ-
ment (Aiken et al. 2008, Westbrook & Ampt 2009,
Lopez et al. 2010, Kramer et al. 2011). There is still a
gap in the literature, in particular with regard to factors
influencing the work of nurses, and few studies have
been published on the relationship of influencing factors
and errors in health care.
The serious risk of harming patients because of errors
has consistently been pointed out for the past decade.
The nurses own perception is that there is a relationship
between the work environment and practice errors
(Jones & Treiber 2010, Joolaee et al. 2011). Recent
studies have looked at factors influencing the work of
nurses such as interruptions and systems failures (Potter
et al. 2005, Tucker & Spear 2006, Redding & Robin-
son 2009, Cornell et al. 2010a, Kalisch & Aebersold
2010, McGillis Hall et al. 2010), as they cause waste
and may pose a risk to patient safety, thereby decreas-
ing the quality of care. Special attention has been given
to factors influencing the preparation and administra-
tion of medication by nurses, as this work requires
alertness and full attention.
In recent studies, attempts have been made to identify
a relationship between medication errors and various
nurse and environmental variables. Indications have
been made of relationships between medication errors
and professional, structural and cultural factors
(Kalisch & Aebersold 2010, Stamp & Willis 2010,
Westbrook et al. 2010, Popescu et al. 2011). In one
study from Australia (Westbrook et al. 2010) a signifi-
cant relationship was identified between interruptions
and medication errors and in another study from the
USA a medication safety initiative resulted in a signifi-
cant decrease of interruptions and errors during medi-
cation administration (Nguyen et al. 2010). However,
in yet another USA study, a relationship between
interruptions and medication errors was not identified
(Kalisch & Aebersold 2010). Identifying influencing
factors in nursing work and thus potential roots of
clinical errors may require in-depth studies with more
sophisticated approaches to this complicated matter,
than has been used before (Lopez et al. 2010). There is
an urgent need to identify potential improvements in
hospital work design using efficient and reliable meth-
ods. Nurses form the largest component of the health
care workforce and their actions are directly related to
patient outcomes (Page 2004). For the optimal goal of
safe patient care it is important to develop methods
better to identify potential improvements in the work of
nurses in particular.
The key role of nurse managers is to ensure the
optimal use of human and material resources for the
benefit of patient and staff safety. Therefore methods
and tools measuring nursing work and the work envi-
ronment need to capture the whole picture of this
complex phenomenon. Because no existing computer-
ized measures that would serve the purpose of this study
were identified, a decision was made to develop mea-
sures and a special computer program for this study.
For the purpose of developing and piloting valid
observational measures to evaluate nursing work, hu-
man factors engineering (HFE) (Gosbee & Gosbee
2005) and nursing knowledge was combined in a mixed
methods study (Morse 2003). The overall goal was to
identify potential improvements in the work and work
environment of inpatient acute care nursing with
emphasis on influencing factors such as interruptions
and systems failures. Influencing factors were defined as
actions on the part of other staff or occurrences from
the environment that affect or disrupt the work of RNs
or PNs. In this study, nursing work is defined as work
activities categorized into direct and indirect patient
care, medication-related work, documentation, unit-
related work and other work.
To enhance efficiency and validity, a hand-held
computer [personal digital assistant (PDA)] was used
for data collection. The use of PDAs has grown in
health care observational studies in recent years
(Keohane et al. 2008, Arman et al. 2009, Westbrook &
Ampt 2009, Cornell et al. 2010a, Westbrook et al.
2010), and in self-report studies (Hendrich et al. 2008,
McClung et al. 2009, Trotter et al. 2009, Tejani et al.
2010). This study used Motorola MC35 PDAs for data
collection.
Study results support the use of PDAs as reliable data
collection tools comparable to paper documentation
(Fletcher et al. 2003, McClung et al. 2009). To increase
the reliability of measures, standardization was applied
with the multi-layered interface of the computer
allowing for capturing the complexity of nursing work.
By making full use of computer technology, rich data
can be collected simultaneously, the risk of measure-
ment error and errors in transferring data is decreased,
data retrieval and analysis is easier, and the process is
time- and cost-effective.
Participants were registered nurses (RNs), of whom
the majority in Iceland (over 75%) hold a 4-year bac-
calaureate degree, and practical nurses (PNs) with a
3-year vocational training. In Iceland PNs are defined as
nursing assistive personnel working under the
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supervision of RNs who are responsible for the nursing
of patients. Participants had at least 3 years experience
on their unit or a comparable unit, held half-time
positions at minimum that were not restricted to night
shifts and spoke the native Icelandic. All participants
except one were female and only one case involved the
observation of the same participant during two separate
shifts. The aim of this paper is to describe the devel-
opment and piloting of the e-SMNW.
Methods
The development of the e-SMNW was carried out in
seven steps: (1) Review of previous studies on nursing
work. (2) Interviews with RNs and expert opinion. (3)
Development of a computer interface. (4) Testing of the
first prototype of e-SMNW. (5) Interviews with PNs
and expert opinion. (6) Revision of the e-SMNW. (7)
Piloting of the second prototype of the e-SMNW.
Previous studies
For the purpose of identifying potential variables and
items of measure in the work of nurses, an extensive
literature search and a review of previous observational
studies on nursing work was done. Literature searches
were conducted on electronic databases such as
PubMed, Cinahl, Medline, ProQuest, Scopus, EBSCO-
host and Google Scholar. Search key words were nurses,
work, work environment, observations, computers,
time-and-motion studies and human factors engineer-
ing. The literature search was limited to English and
Icelandic articles published within the past 10 years.
Several hundred hits were obtained, with approximately
30 studies on nurses work using some sort of obser-
vational methods for data collection. Information was
also obtained on measures and outcomes of unpub-
lished Icelandic work sampling studies that were
conducted in the 1980s in Icelands three main hospitals
at the time.
Former studies indicated three main issues: (1) the
type of work conducted and time allocated to each
work type, (2) influencing factors, (3) the complexity of
nursing work (Potter et al. 2005, Chaboyer et al. 2008,
Redding & Robinson 2009, Westbrook & Ampt 2009).
Observational studies using either constant observation
or work sampling methods categorized the work of
nurses by type of work and more detailed work activi-
ties. The most common work categories were: direct
patient care, indirect patient care, medication prepara-
tion and administration, documentation, communica-
tion, consultation, administrative work and unit-related
work (Potter et al. 2005, Chaboyer et al. 2008,
McGillis Hall et al. 2010). Examples of factors found to
influence the work of nurses include interruptions most
often due to communication of co-workers, systems
failures due to lack of supplies, searching, multitasking
and movements (Potter et al. 2005, Tucker & Spear
2006, Redding & Robinson 2009, Kalisch & Aebersold
2010, McGillis Hall et al. 2010). The complexity of
nursing work is verified in a number of studies identi-
fying the non-linear behavioural as well as cognitive
work of nurses with frequent cognitive shifting, repri-
oritization of patient care and clinical decision making
(Potter et al. 2005, Tucker & Spear 2006, Cornell et al.
2010a). These studies shed new light on the work of
nurses by identifying influencing factors such as inter-
ruptions and systems failures, as well as the complexity
of nursing work. However, a more efficient, valid and
reliable approach is needed, as earlier studies have
mainly collected data with paper and pencil, a
cumbersome method where reliability and validity may
be at risk.
Interviews with RNs and expert opinion
To further identify appropriate items to measure for this
study following the literature search and review of
former studies, interviews were conducted with 10 RNs,
all of whom had over 10 years experience in acute care.
One interview was conducted with a group of four
RNs, whereas six RNs were interviewed individually.
Key findings from the literature review guided the
interviews. The RNs were asked to describe what
influenced their work and caused it to be less effective
or efficient than optimal. Interviews were content-
analysed by two researchers.
Participants identified the following issues as influ-
encing their work: (1) lack of assistance or collaboration
with co-workers, (2) information and communication
issues, (3) lack of supplies, (4) unexpected changes and
extra duties. New items identified in the interviews with
RNs were combined with the items identified from
former studies, forming a list of possible measures. The
list was distributed to a panel of four expert RNs: two
had masters degrees in nursing and two had doctorates
in nursing. All had extensive experience in clinical
nursing. The experts were asked to evaluate the items of
measure on the list to serve the purpose of the study.
The panel of experts then met and reached a consensus
on what should remain on the list and what constructs
of study each item underpinned, providing face validity
of measures. This resulted in a list of items clustered
into main constructs.
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The main constructs of the study were identified as:
(1) type of work undertaken, (2) influencing factors, (3)
time and (4) movements. Items under the constructs of
work undertaken and influencing factors were catego-
rized into main and sub-categories, in order to make the
measures more user-friendly for the PDA interface.
Findings from former studies as well as results from
interviews with RNs guided the categorization of items.
Time and duration would be recorded automatically by
the PDAs inbuilt clock. Locations in units were to be
included for measuring movements.
Development of the computer interface of the e-
SMNW
The next step was to take the list of items for each
construct and to develop a computer interface for the
PDA. For the first prototype the software was created
using eMbedded Visual C++ 4.0. The first prototype of
the e-SMNW had a total of 89 items describing work
activities and influencing factors, in addition to time
measures. Parallel measures were made on work
undertaken and influencing factors, as well as time.
Measures on movements were not included at this
point. Table 1 shows the number of items for each
construct in the first prototype of the e-SMNW instru-
ment.
Testing of the e-SMNW for RNs
Prior to testing of the e-SMNW, five observers were
trained for data collection. Four of the observers were
RNs with graduate education and one was a masters
student in industrial engineering. Observers were given
written material on the study and measures prior to
meeting with two of the investigators for further
instructions and training. Training took place in a
classroom and on-site in one hospital unit. Classroom
training included guiding observers through the
measures in the computer and going through scenarios
where observers collected data onto PDAs in pairs.
Following the classroom training, the observers paired
up to observe an RN during her work.
During the on-site training, which took 1–2 hours,
inter-rater reliability was evaluated by comparing
identified measures between observers. Inter-rater reli-
ability of 80% was obtained during training sessions for
all levels of measures. Items referring to activities that
go together such as observes skin integrity and applies
ointment to patients skin had lower inter-rater reli-
ability than profound items such as brings to patient or
empties bed-pan, bottle, urine bag.
Trial data gathering was carried out during 12 whole
8-hour morning or evening shifts during weekdays and
weekends. RNs with at least 3 years experience in their
current or comparable unit were observed. The data
collection took place in one medical and one surgical
unit; six shifts in each unit. The units were specialized
acute care cardiac and thoracic inpatient units. Obser-
vation was non-participatory. However, if unsure as to
what the participant was doing or why, the observers
were able to ask. Each observer constantly followed one
participant for an entire shift exclusively collecting data
on the participant. Usually observers followed partici-
pants into patient rooms. During some procedures
where patients or participants felt it was inappropriate
for observers to remain in the patients room, partici-
pants subsequently told observers what they had
undertaken and whether any factors had influenced
their work.
Table 1
First prototype of the e-SMNW instrument (2007)
Construct Main category Sub category
Number
of items
Items
used
Work
undertaken
Direct patient
care
Direct patient
care work
activities
27 16
Indirect patient
care
Indirect patient
care work
activities
10 9
Unit related
work
Unit related work
activities
10 4
Medication
administration
None 1 1
Documentation None 1 1
Other None 1 1
Influencing
factors
Communication/
information
Lack of
information
3 1
Unclear orders 5 3
Looking for
information
4 3
Language
problems
3 1
Disruption due to
other staff
4 4
Communication
outside the unit
3 1
Monitoring work
of others
3 2
Communication
with others
2 2
Materials lacking None 6 6
Environmental
changes
None 6 3
Time Hour*
Duration*
Total
number
of items
89 58
*Automatic in PDA.
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During data collection, 58 of 89 items (65%) were
used once or more. Examples of items never used during
the testing of the e-SMNW are: stoma care, searches for
something for another unit and patient language prob-
lem. In addition to collecting data on the PDA, the
observers recorded explanations on specific items on a
digital audio recorder they carried. The observers were
told to record their explanations as often as they felt
necessary in order to explain what they were observing,
or whenever they chose item other. All of the
sub-categories had an item of other that was used
frequently and in most cases explained by observers.
New items occurred under item other and observers
also chose other for existing items in some cases.
Following each shift, the observers interviewed par-
ticipants asking how the shift had been, whether any-
thing had been left undone or unfinished in the nursing
of their patients, whether they had been interrupted
during the shift, and if so, by what. Participants were
also asked what influence the constant observation had
had on their work. Interviews were written up verbatim
and the content was analysed.
Interviews with PNs and expert opinion
To this point only RNs had been included in the
developmental process of the e-SMNW. Because the
work of PNs is less studied than the work of RNs, it
was considered important to include a number of PNs
in the study, in order to identify possible items of
measure in their work. Following the testing of the first
prototype of the e- SMNW, a focus-group study with a
total of 21 PNs in three focus groups was carried out,
so as to identify influencing factors in their work. Focus
group interviews are valuable for collecting substantial
information on a specific topic from a number of
individuals in a quick and effective way (Bogdan &
Biklen 2006).
A semi-structured questionnaire guided the inter-
views and included questions about the work envi-
ronment, delays and interruptions, job demands,
structure and management, and social aspects. Inter-
views were recorded, written up verbatim and content-
analysed by two investigators (A´sgeirsdo´ttir & Brag-
ado´ttir 2011). From the focus group discussions addi-
tional items were identified. These items pertain to: (1)
additional patient-care activities that might be dele-
gated to PNs, (2) items describing the collaboration of
RNs and PNs, (3) items on work activities that auxil-
iary personnel could or should do, such as cleaning and
substituting in the pantry. The additional items were
reviewed by a panel of experts including two RNs (one
masters student and one PhD nurse) and two PNs, all
with extensive experience in clinical work. The panel
of experts reviewed the additional items and came to a
conclusion on what items should remain on the list and
in what category.
Revision of the e-SMNW
The revision process for the e-SMNW included revising
the list of items of measure and the PDA interface. This
included analysing thoroughly the results from data
collected by the e-SMNW, as well as the observers field
notes. Observers were also interviewed, and they filled
in a short questionnaire about their experience of
observation and use of the e-SMNW. The observers
were generally satisfied with using the PDA for data
collection and were ready to collect richer data without
difficulty. They recommended each list of items being
manageable in such a way that the user did not have to
scroll up and down a long list to identify an item of
measure, which then leads to the sub-categorization of
work undertaken and influencing factors. The class-
room and on-site training was considered crucial
shortly before data collection.
These results, as well as those from the focus-group
interviews with the PNs and the panel of experts, were
taken into consideration. For the purpose of strength-
ening the sensitivity of the e-SMNW, the option of
other was eliminated. Constructs of study remained
the same. Several items were added; including those
items previously identified under the item other. Some
items needed revision of wording and still others were
combined.
New items and categories were added to the work
undertaken, and work was also identified as scheduled
or unscheduled, and whether or not it was carried out
without interruption. Medication preparation and
administration had made up one common category in
the first prototype but were separated in the second
prototype. This was done per the request of the nursing
directors in the hospital who were interested in getting
more detailed information about the medication
administration process of the nurses.
No items were completely eliminated, but some items
were combined as they were considered to include
activities that go together and can be seen as parts of
one activity or factor. Examples of combined items are
observes skin integrity and applies ointment to pa-
tients skin which were combined into one item skin
care, observation, provide skin cream, rubbing.
Examples of additional items to the second prototype
identified under the item other in the first prototype are
The development and piloting of measures on nursing work
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peripheral i.v. catheter removed and i.v. fluid pump
adjusted/observed.
The main categories of influencing factors remained
the same, with some changes in sub-categorization, and
some items being combined, while others were added.
For the purpose of being able to compare common
work activities and factors influencing the work of RNs
and PNs, all measures were listed in the same computer
program. This was considered to serve the overall goal
of the study as well as being technically more conve-
nient than having two sets of measures.
Full use was made of the clock in the computer for
measuring the timing and duration of each measure.
Additions were made in order to map the movements of
participants by including all locations in each unit. The
software for the second prototype was created using
MCL-Collection software solutions (see http://
www.mcl-collection.com/). The second prototype of the
e-SMNW had a total of 127 items, besides time mea-
sures and movement items. Table 2 shows the number
of items for each construct in the second prototype of
the e-SMNW instrument. Figure 1 illustrates an exam-
ple of the multi-layered interface of the second proto-
type of the e-SMNW for one construct under study and
Figure 2 gives an example of the computer interface of
the second prototype of the e-SMNW.
Piloting of the e-SMNW for RNs and PNs
The last step was the piloting of the second prototype of
the e-SMNW via empirical data-gathering in four acute
care inpatient medical and surgical units: a general
medical unit, a medical cardiac unit, a urinary surgical
unit and an oesophago-gastric surgical unit. Three new
observers were trained for data collection and two of
the former observers were informed about the second
prototype of the e-SMNW. As before, an inter-rater
reliability of 80% was obtained during training sessions
for all levels of measures. One of the former observers
took part in the classroom as well as the on-site training,
but the other former observer did not and only received
verbal information on the changes on e-SMNW.
Data were collected during 10 RN shifts and 12 PN
shifts. These were all 8-hour shifts on weekdays and
weekends. In addition to collecting data on the PDA,
the observers recorded explanations on a digital audio
recorder whenever they considered it important to
explain what they were observing. Following each shift,
the observers interviewed participants using the same
questions as when testing the first prototype of the
e-SMNW. Each observer collected data for two to six
shifts.
Results of the piloting
Eight RN shifts and 10 PN shifts were eligible for data
analysis. For RNs these were five shifts from medical
units and three shifts from surgical units. For PNs these
were five shifts from medical units and five from surgical
units. Data from two shifts were lost due to technical
problems during data transfer from the PDA to a desk-
top computer. This happened at the beginning of the
Table 2
Second prototype of the e-SMNW instrument (2008)
Construct Main category Sub category
Number
of items
Items
used
Work
undertaken
Direct patient
care
Activities of daily
living
11 10
Excretion 7 4
Bells and
transportation
3 3
Patient assessment 5 5
i.v. catheters 5 5
Respiration and
support
5 3
Collaboration
required to carry
out activity
4 4
Indirect
patient
care
Patient environment 5 5
Communication and
registration
4 2
Tests 2 2
Unit related
work
Clerical work 5 2
Set-up and
equipment
4 3
Materials 6 6
Cleaning/deposit 4 4
Medication
preparation
Routine medication 4 4
PRN medication 4 3
Medication
administration
Routine medication 7 7
PRN medication 7 4
Documentation Electronic 1 1
On paper 1 1
Other Active presence 1 1
Passive presence 1 1
Influencing
factors
Communication/
information
Disruption due to
other staff
8 8
Unclear orders 5 4
Lack of
information
4 3
Communication 5 3
Materials
lacking
None 3 3
Environmental
changes
Patient 5 4
Staff 1 0
Time Hour*
Duration*
Movements Room entered
Total
number
of items
127 105
*Automatic in PDA.
Number of rooms dependent on each unit.
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data collection period and was corrected immediately.
The correction included changes in the programming of
data transfer commands. Data from two other shifts that
should have substituted the lost shifts could not be used
as data documentation was missing or incomplete for
the work undertaken and influencing factors. Data on
both these shifts was collected by the observer who had
not participated in the classroom and on-site training for
the second prototype of the e-SMNW.
Data were transferred from the PDAs to an Excel
spreadsheet on a desktop computer. From the Excel file,
data could be transferred to different programs for
further analysis. Data were analysed with Excel, SQL, R
and Graphviz. Analysis included frequencies, propor-
tions, time-series analysis and pattern analysis.
Items within all sub-categories were used, indicating
use of 83% of items, or 105 of 127. Examples of items
never used include: tube-feeding, non-sterile suctioning,
communication with a third party (such as an insurance
company or travel agency) because of a foreign patient;
language problems with relatives.
Full use was made of the clock for the time and
duration measures, as well as the use of items for
movements of participants. Just over 5000 measures on
work, influencing factors and movements were entered
into the e-SMNW during eight RN shifts and 10 PN
shifts. Time of measure was displayed in the data and
the duration of each measure could be calculated.
Relative frequency of the times that each work category
was measured and the average time spent on each work
category for RNs and PNs is shown in Table 3. Figure 3
shows an example of the movements of one PN during
one evening shift. Thicker lines indicate the more fre-
quent movements between locations. Numbers indicate
patient rooms. Figure 3 indicates the most frequent
moves of the PN to patient rooms 3 and 6 and to the
pantry, nurses station and nurses work room.
All of the intended measures functioned and the
observers evaluated the procedure as satisfactory.
Simultaneously and without burdening observers,
structured data could be collected on work type and
activity, location, influencing factors, duration and
time. Recorded explanations of observers confirmed
the PDA outcomes, explaining frequent shifting of
Figure 1
Example of PDA interface levels.
Figure 2
Example of the computer interface of the second prototype of the
e-SMNW.
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attention, interruptions, change of location and multi-
tasking of participants. No items were noted as missing
from the second prototype by observers.
Figure 4 shows an example of measures on the main
work categories, influencing factors and locations
during a 1 hour period for one RN. The figure shows
the time that the RN went from one type of work to
another, her location, and the influencing factors that
occurred and at what time. Figure 4 does not display
each work activity undertaken during this hour.
Discussion
The seven-step process using a mixed methods
approach to develop valid and reliable observational
measures for nursing work in acutecare medical and
surgical units was carried out successfully. In a pilot
test, selected constructs were measured and 83% of the
items were used once or more. Findings indicate that
one observer was able to follow one participant without
difficulty during a whole 8 hour shift and collect rich
standardized computerized data. These findings are in
concordance with the study findings of Fletcher et al.
(2003), who compared the feasibility of PDA data col-
lection to paper-and-pencil forms supporting the use of
PDAs. Their study showed that observers liked the use
of PDAs and were comfortable using them, except
during the entering of field notes. In our case, a separate
device was used for observers to collect field notes; a
digital recorder, which observers found easy to use. To
the authors current knowledge, the same program
cannot be used for entering standardized quantitative
data and voice recording in the PDA. This indicates a
need for the further development and modification of
computer programs for easy simultaneous quantitative
and qualitative data collection. The optimal way would
be through speech recognition.
The present study confirms findings from prior studies
regarding nurses work and its complexity (Potter et al.
2005, Tucker & Spear 2006, Chaboyer et al. 2008).
Most of the former studies have used the cumbersome
method of collecting data with paper and pencil,
whereas in this present study data were collected in a
more convenient and efficient way using computer and
digital technology. One observer was able to collect rich
data on nurses work during a whole 8 hour shift.
There is an increased use of PDAs for data collection
in research on health care services. This study plays one
part in the knowledge development on the use of PDAs
in the field. It contributes a fuller picture of the complex
and manifold work of nursing with its multiple influ-
encing factors to existing knowledge than prior studies
have done. Former studies using PDAs for collecting
data by observing nurses work have primarily focused
on the workflow of medication administration and
medication errors, collected data for shorter time
periods (1–4 hours) during medication work (Keohane
et al. 2008, Westbrook & Ampt 2009, Cornell et al.
2010b, Westbrook et al. 2010). Cornell et al. (2010a)
reported on a study on the workflow of 27 medical–
surgical RNs where patterns, duration or frequency of
29 predetermined activities were entered into PDAs by
observers who shadowed participants for 3–4 hour
blocks of time. Other studies have used PDAs for nurses
self-report on their work where participants documented
selected measures with intermittent random sampling
(Hendrich et al. 2008, Tejani et al. 2010).
Figure 3
Movements of a PN during one shift.
Table 3
Relative frequency of times each work category was measured and
average time spent on each work category for RNs and PNs
Work
category
RNs PNs
Relative
frequency of
times work
category
measured
(%)
Average
time
spent on
each work
category
(%)
Relative
frequency of
times work
category
measured
(%)
Average
time
spent on
each work
category
(%)
Direct patient
care
25.2 17.2 45.1 34.0
Indirect
patient care
21.8 25.6 24.8 21.4
Unit related
work
6.0 5.7 11.5 11.8
Medication
preparation
14.5 10.9 0.0 0.0
Medication
administration
12.2 6.0 0.4 0.3
Documentation 9.3 9.4 3.0 3.0
Other 11.0 25.2 15.2 29.5
Total 100 100 100 100
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By using a mixed methods approach, human fac-
tors engineering, nursing knowledge, and computer
technology are combined. This approach is in harmony
with the recommendations of the National Academy of
Engineering and the Institute of Medicine to build a
better health care delivery system through the part-
nership of engineers, health care professionals and
health care managers (Reid et al. 2005). Human factors
engineering (HFE) studies the relationship between
humans and systems with the goal of optimizing this
relationship (Gosbee & Gosbee 2005). The human
factor is the critical factor in patient safety and
workflow analysis with HFE considered the first step in
work redesign (Porter et al. 2010, Scanlon & Karsh
2010).
This study is an important contribution to help close
the knowledge gap regarding successful methods to
evaluate the complex work and work environment of
RNs and PNs in acute care. By shedding light on the
work and work environment of nurses, the e-SMNW
can help to identify potential improvements in hospital
work design as well as to optimize the use of the nursing
workforce and its professional expertise to create a safer
health care system for the benefit of patients. Redesign
and reprioritization of hospital nursing work activities
and work flow processes is urgent.
Strengths and limitations
The strengths of this study are the interdisciplinary
approach of nursing and engineering and the use of
constant observation for data collection (Ampt et al.
2007). Measures of study in the work and work envi-
ronment of nursing were predetermined, making stan-
dardization possible. Full use was made of computer
technology with new opportunities for rich standard-
ized error-limited data. Limitations of the study are the
pioneering nature of the work of developing measures
for rich data collection using computer technology.
Although not as burdensome as collecting observational
data with paper and pencil, this type of study required
substantial training of observers. The e-SMNW is a new
tool still under development.
Implications for nursing management
Limited resources in health care coupled with increasing
demands on nursing management call for further
knowledge about nursing work so as to support the
optimal use of the nursing workforce and thereby
expertise in nursing. The importance of reliable, valid
measures and thus dependable information on the work
and work environment of nurses is fundamental to the
best use of human resources in nursing and to
improvements in patient services.
Information based on rich observational data on
nursing work and work environment can help clinical
nurses and nurse managers to identify potential
improvements. Improvements could pertain to what
work activities can be delegated to assistive personnel,
which distractions and interruptions should be reduced,
and what environmental factors, such as the organiza-
tion of supplies, need restructuring. The e-SMNW is a
tool that can provide nurse managers with information
on potential improvements in the work and work
environment of nurses in acute care. Findings from this
study can be used further to develop measures on work
and work environment in nursing.
Figure 4
Example of measures during one RN
hour.
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Conclusions
Being able to collect and display standardized, rich data
on the complex work of nursing increases the possibil-
ities for effective and efficient preventive practices for
clinicians, administrators and policy makers. The
e-SMNW provides potentially valid and reliable infor-
mation for interdisciplinary and participative interven-
tions to prevent adverse outcomes in health care. The
methodology of the development, application and
outcomes of the e-SMNW truly indicate a paradigm
shift in evaluating nursing work and knowledge devel-
opment in health care; a key concern to nurse managers.
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